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(57)Abstract: 

PURPOSE: To provide a laser pulse oscillator for 



generating extremely stabilized optical pulse in the 
higher repetitive frequency for a longe period of time. 
CONSTITUTION: In a harmonic mode synchronous 
laser pulse oscillator where the modulation frequency of 
an optical modulator 6 provided within a laser resonator 
is set to an integer multiple the basic frequency 
determined depending on the loop length of the laser 
resonator, a clock signal corresponding to the repetition 
frequency is extracted, by means of a clock extraction 
circuit 1 1 composed of a light receiving element and a 
narrow band filter, from a part of the output laser of such 
laser pulse oscillator and this clock signal drives an 
optical modulator 6, 
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CLAIMS 



[Claim(s)] 

[Claim 1]A laser pulse oscillator which is constituted by loop having the following and 
supplying said optical modulator by making this clock signal into a modulating signal, and 
having contained an optical modulator, and outputs a laser pulse of repeat frequency of an 
integral multiple of fundamental frequency corresponding to loop length of this loop. 
A photo detector which changes into an electrical signal a laser pulse obtained from said loop. 
A narrow band filter which extracts a clock signal of frequency of an integral multiple of said 
fundamental frequency from this electrical signal. 

[Claim 2]The laser pulse oscillator according to claim 1 by which an optical fiber for optical- 
pulse compression being included in said loop 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the laser pulse oscillator made to generate stably 
a laser pulse with high repeat frequency which is needed, for example in order to build an ultra 
high-speed optical fiber communications system. 
[0002] 

[Description of the Prior Art] In recent years, research which generates a laser pulse with high 
repeat frequency is briskly done by the optical fiber laser using mode locking art. Drawing 4 is 
an example of the lineblock diagram of the conventional laser pulse oscillator. The optical fiber 
in which 1 added the rare earth element in the figure (it is described as rare earth doped optical 
fiber below), The excitation light source for 2 to excite rare earth doped optical fiber, the optical 
coupling machine with which 3 combines excitation light with rare earth doped optical fiber, As 
for an optical modulator and 7, a synthesizer and 9 are electrical amplification machines an 
optical filter and 8 the light branching machine for which 4 takes out an output, the optical 
isolator for which 5 restricts the direction of movement of light in the one direction, and 6. 
[0003 ]In this laser pulse oscillator, the lightwave pulse with high repeat frequency is generated 
as follows. If the rare earth doped optical fiber 1 is excited by the excitation light source 2 
through the optical coupling machine 3, the oscillation of continuation light will take place to the 
forward direction of the optical isolator 5 in the transmission band of the optical filter 7. Next, it 
lets the electrical amplification machine 9 pass, and the electrical signal outputted from the 
synthesizer 8 is impressed to the optical intensity modulator 6. Generally, if the refractive index 
of L and an optical fiber is set to n and the velocity of light is set to c, cavity length (the loop 
length of this laser pulse oscillator), When abnormal conditions are added by fundamental 
frequency f 0 =c/(nL) decided by cavity length, the mode locking in fundamental frequency f 0 is 



realized, and a stable optical pulse train can be generated. 

[0004] If q times of fundamental frequency ft decided by cavity length of laser and qft=qc/(nL) 
(q set modulation frequency as integer), the forced mode locking of the harmonics oscillated by 
one q times the frequency of a fundamental wave is realizable. That is, q lightwave pulses are 
made at equal intervals in the resonator of laser, and an optical pulse train with the repetition 
which was in agreement with high order modulation frequency occurs. This optical pulse train is 
outputted through the light branching machine 4. For example, when the cavity length of laser is 
200 m, fundamental frequency ft decided by cavity length is 1 MHz, but if modulation frequency 
is set to q= 10000 and set as 10 GHz, an optical pulse train with a 10-GHz repetition will occur. 
[0005] 

[Problem(s) to be Solved by the Invention]However, in this conventional laser pulse oscillator, 
cavity length is changed by the temperature change in a laser cavity, and a fundamental wave 
changes with time as the result. Since the repetition of the high order modulating signal 
impressed on the other hand was set as constant value, it was difficult for both repetition not to 
be in agreement and to generate an optical pulse train stably over a long time. 
[0006]Here, the temperature in a laser cavity considers the case where only deltat changes. If 
temperature changes only deltat, optical fiber length will change only deltaL. In this case, deltaL 
is given by the following formula, 
delta L/L=alphadeltat(l) 

However, L is the cavity length of the laser before a temperature change, and alpha is a 
coefficient of linear expansion of an optical fiber. By a temperature change, change of the cavity 
length of laser will change fundamental frequency ft decided by cavity length. It stops being in 
agreement q times of fundamental frequency ft, the waveform of a lightwave pulse is distorted, 
and it becomes impossible in this case, for modulation frequency to realize harmonics mode 
locking. If frequency f (=qft) is made into the modulation frequency before a temperature change, 
frequency change deltaf will be given by the following formula, 
delta f/fNielta t/L=alphadeltat (2) 

When temperature changes, it is necessary only for deltaf to change modulation frequency to 
attaining harmonics mode locking. Frequency change deltaf becomes so large that the 
modulation frequency f becomes large (i.e., so that the value of q becomes large). That is, the 
thing of the frequency by a temperature change which variation becomes large and acquires for 
an optical pulse train stably over a long period of time absolutely is more difficult for higher 
order harmonics mode locking. 

[0007]For example, in the above-mentioned conventional laser pulse oscillator, when the 
temperature in a resonator changes 0.01 degree, if L= 200 m, f= 10 GHz, and alpha=10 " 5 , it will 
be set to deltaL=20micrometer and deltaf^lkHz from (1) and (2) types. That is, a big frequency 
change arises in few temperature changes, and the waveform of a lightwave pulse deteriorates. In 
order to obtain a stable optical pulse train, only deltaf needs to change modulation frequency and 
it needs to be 10.0001 GHz. In order to realize this, the active negative feedback circuit which 
adjusts the length of a resonator automatically is needed. 

[0008]In harmonics mode locking, since abnormal conditions are applied by q times of 
fundamental frequency ft decided by cavity length, if q becomes large, it will become difficult to 
control thoroughly the spectral component of the vertical microfiche decided by fundamental 



frequency ft. For example, it is referred to as ft=lMHz and f= 10 GHz, and a light spectrum 
when the conventional laser pulse oscillator performs harmonics mode locking is shown in 
drawing 5 . In a figure, although there is an ingredient with the strongest intensity every 10 GHz, 
there is a spectral component of the weak vertical microfiche decided by fundamental frequency 
ft besides it. Since the spectral component of vertical microfiche other than this modulation 
frequency is not controlled, while the gap with modulation frequency and cavity length occurs, 
the oscillation of laser is made unstable and it makes it difficult to generate a lightwave pulse 
stably. 

[0009] As mentioned above, in the Prior art, although the optical pulse train with high repeat 
frequency was generated when harmonics mode locking was performed, it was difficult for a 
pulse shape to deteriorate by the temperature change in a resonator for a short time, and to 
generate stably an optical pulse train with high repeat frequency over a long time, in order to 
perform light modulation -- high - the stable synthesizer was needed. 

[0010]This invention was made in view of such a situation, and does not need the synthesizer or 
the active negative feedback circuit of high frequency in harmonics mode locking, but an object 
of this invention is to provide the laser pulse oscillator made to generate very stably an optical 
pulse train with high repeat frequency over a long time. 
[0011] 

[Means for Solving the Problem]In order that the laser pulse oscillator according to claim 1 may 
solve an aforementioned problem, In a laser pulse oscillator which is constituted by loop having 
contained an optical modulator and outputs a laser pulse of repeat frequency of an integral 
multiple of fundamental frequency corresponding to loop length of this loop, It has a photo 
detector which changes into an electrical signal a laser pulse obtained from said loop, and a 
narrow band filter which extracts a clock signal of frequency of an integral multiple of said 
fundamental frequency from this electrical signal, and said optical modulator is supplied by 
making this clock signal into a modulating signal. 

[0012]The laser pulse oscillator according to claim 2 contains an optical fiber for optical-pulse 

compression in a loop in the laser pulse oscillator according to claim 1 . 

[0013] 

[Function] According to the laser pulse oscillator according to claim 1 , a photo detector changes 
into an electrical signal the laser pulse to which repeat frequency is changed arbitrarily. A narrow 
band filter extracts the clock signal of the frequency of the integral multiple of said fundamental 
frequency from this electrical signal And the optical modulator within a loop carries out 
intensity modulation of the laser pulse by making this clock signal into a modulating signal. 
Even if cavity length changes with temperature changes and the repeat frequency of a laser pulse 
changes with these, an optical modulator can be driven the optimal on the frequency which 
followed in footsteps of a repetition [ a laser pulse ]. Therefore, there is no degradation of a laser 
pulse waveform by a temperature change, and the oscillation of a laser pulse continues stably 
over a long time. 

[00 14] According to the laser pulse oscillator according to claim 2, pulse width of the laser pulse 

generated using the effect of an optical soliton can be shortened. 

[0015] 

[Example]Hereafter, with reference to drawing 1 thru/or drawing 3 , one example of the laser 



pulse oscillator by this invention is described in detail However, identical codes were given to 
the composition and identical parts which were shown in drawing 4 . Drawing 1 is a figure 
showing the composition of the laser pulse oscillator of this example. In a figure, a laser pulse 
oscillator, The rare earth doped optical fiber 1 and the rare earth doped optical fiber 1 . The 
excitation light source 2 for exciting, and excitation light. It comprises the optical coupling 
machine 3 combined with the rare earth doped optical fiber 1, the light branching machine 4 
which takes out an output, the optical isolator 5 which restricts the direction of movement of 
light in the one direction, the optical modulator 6, the optical filter 7, the light branching machine 
10, the clock extraction machine 1 1, the phase converter 12, and the electrical amplification 
machine 9. 

[0016]The clock extraction machine 1 1 comprises a photo detector which changes the inputted 
laser pulse into an electrical signal, a narrow band filter in which main passing frequency was set 
as 10 GHz, and an electrical amplification machine which amplifies the output of this narrow 
band filter. Here, the loop length of the laser pulse oscillator of this example is set up so that 
fundamental frequency f 0 may be set to 1 MHz. The main passing frequency of the narrow band 
filter is set as 10 GHz so that the clock extraction machine 1 1 may output the laser pulse it is 10 
GHz, whose 10000 times, i.e., repeat frequency, of fundamental frequency f 0 . 
[0017]The phase converter 12 adjusts the phase of the output signal of the clock extraction 
machine 1 1 . The electrical amplification machine 9 amplifies the output signal of the phase 
converter 12, and supplies it to the optical modulator 6. The optical modulator 6 is an intensity 
modulation machine. 

For example, the Mach-Zehnder type intensity modulation machine made from lithium niobate, 
etc, can be used. 

That is, as the dotted line of drawing 1 shows, a closed loop consists of laser pulse oscillators of 
this example from the clock extraction machine 1 1 to the optical modulator 6. If an erbium- 
doped optical fiber is used as the rare earth doped optical fiber 1, the oscillation wavelength of 
laser will serve as a 1 .5-micrometer belt. A semiconductor laser can be used as the excitation 
light source 2. 

[0018]Next, generating of an optical pulse train with high repeat frequency in the laser pulse 
oscillator of the above-mentioned composition is explained. If the rare earth doped optical fiber 1 
is excited by the excitation light source 2 through an optical coupling machine, the oscillation of 
a continuous laser beam will take place to the forward direction of the optical isolator 5 in the 
transmission band of the optical filter 7. This laser beam is taken out through the light branching 
machine 4, it divides with the light branching machine 10 further, and that part is inputted into 
the clock extraction machine 1 1 . The clock extraction machine 1 1 extracts the clock signal by the 
vertical microfiche near 10 GHz. After phase adjustment of this clock signal is carried out in the 
phase converter 12 and it is amplified with the electrical amplification machine 9, it is supplied 
to the optical modulator 6 as a modulating signal. With this clock signal, the optical modulator 6 
carries out intensity modulation of the laser beam, and outputs a laser pulse. 
[0019]Here, since the clock signal by the vertical microfiche near [ conflicting q times of 
fundamental frequency f 0 decided by loop length of a resonator ] 10 GHz cannot generate a 
stable optical pulse train, it is extinguished in a clock extraction process. However, since the 
repetition of modulation frequency and a lightwave pulse of the clock signals [ congruous q 



times of fundamental frequency f 0 ] corresponds thoroughly, the oscillation of a stable lightwave 
pulse is strengthened gradually. If this is repeated, only the clock signal near [ congruous q times 
of fundamental frequency fo which was noise-like at first / one certain ] 10 GHz will remain. 
That is, it comes to drive the optical modulator 6 only with one clock signal which controlled 
excessive vertical microfiche, and 10-GHz harmonics mode locking is attained. 
[0020] At this time, as shown in drawing 2 , pulse width of the lightwave pulse generated using 
the effect of an optical soliton can be shortened by inserting the optical fiber 13 for optical-pulse 
compression between the rare earth doped optical fiber 1 and the light branching machine 4, for 
example. Here, an optical soliton is explained. An optical soliton is a stable lightwave pulse 
generated by the breadth of the pulse width by negative distribution of an optical fiber and 
compression of the pulse width by the self-phase modulation effect hanging, and suiting, and it 
has [ the inside of an optical fiber ] the feature, alias a frog, and of spreading there being nothing 
for the waveform. Peak intensity P N =i required to make the standard soliton of 1 is given by 
the following formula, 
P NH =0,776pilambdaV|D|/pi 2 cn 2 tau 2 (3) 

As for the velocity of light and n 2 , pulse width and w of a nonlinear refractive index and tau are 
[ group velocity dispersion / in / in D / the wavelength lambda of an optical fiber /, and c ] the 
sizes of the spot size of an optical fiber here. 

[0021]That is, by making negative group velocity dispersion D of the optical fiber 13 for optical- 
pulse compression, an optical soliton is generated and the lightwave pulse in which pulse width 
does not spread can be obtained. For example, if it is group-velocity-dispersion D— 3 ps/km/nm, 
pulse width tau=3ps, a size of w= 3 micrometers of spot size, and the wavelength of lambda^ 
1.55 micrometers, peak intensity required to make a standard optical soliton will be set to about 
290 mW from (3) types, If a repetition of a lightwave pulse shall be 10 GHz, the mean intensity 
in a resonator will be set to about 8.7 mW. Intensity of this level can be easily generated within 
the laser pulse oscillator by this example. That is, when the variance in the wavelength of 1 .55 
micrometers uses the dispersion shifted fiber which is -3 ps/km/nm as the optical fiber 13 for 
optical-pulse compression, pulse width can generate stably the optical pulse train which is 3ps in 
a 10-GHz repetition. What is necessary is just to change the frequency of the clock signal 
extracted with the clock extraction machine 1 1 , in order to change the repeat frequency of this 
intensity-of-light pulse, 

[0022]In the laser pulse oscillator of this example, even if cavity length changes with 
temperature changes and a repetition of a lightwave pulse changes, in order to become irregular 
with the clock signal in sync with a repetition of a lightwave pulse, a gap does not arise between 
repetitions of modulation frequency and a lightwave pulse. Therefore, unlike a Prior art, it has 
the feature with which the waveform of a lightwave pulse does not deteriorate by a temperature 
change. However, the repetition of a lightwave pulse is changing slightly according to change of 
cavity length. That is, it is not dependent on the temperature change in a resonator, harmonics 
mode locking is always maintained, and the laser pulse oscillator of this example can generate an 
optical pulse train with stable high repeat frequency over a long time. Since the active negative 
feedback circuit for stabilization of the highly precise synthesizer and resonator which were 
furthermore needed conventionally becomes unnecessary, an economical advantage is also large. 
[0023]Since the oscillation repeat frequency of laser and the modulation frequency impressed to 



a modulator are thoroughly [ always ] in agreement when performing harmonics mode locking, 
excessive vertical microfiche other than modulation frequency can be controlled thoroughly. For 
example, the electric spectrum at the time of performing harmonics mode locking is shown in 
drawing 3 as f 0 =lMHz and f= 10 GHz. Only 10-GHz modulation frequency components exist in 
a figure. Thus, since excessive vertical microfiche other than modulation frequency can control 
thoroughly, the stable harmonics mode locking can be realized and a very stable optical pulse 
train with high repeat frequency can be generated. 
[0024] 

[Effect of the Invention] As mentioned above, in the laser pulse oscillator made to generate an 
optical pulse train with high repeat frequency by harmonics mode locking in this invention as 
explained, Without needing the highly precise synthesizer needed conventionally, the clock 
signal of the sine wave corresponding to repeat frequency is extracted from a part of output of 
laser, and an optical modulator is driven with the frequency. 

Therefore, an optical pulse train with very stable high repeat frequency can be generated over a 
long time. 

It is possible by inserting the optical fiber for optical-pulse compression into a laser cavity to 
generate a lightwave pulse with short pulse width still more stably. 



TECHNICAL FIELD 



[Industrial Application]This invention relates to the laser pulse oscillator made to generate stably 
a laser pulse with high repeat frequency which is needed, for example in order to build an ultra 
high-speed optical fiber communications system. 



PRIOR ART 



[Description of the Prior Art] In recent years, research which generates a laser pulse with high 
repeat frequency is briskly done by the optical fiber laser using mode locking art. Drawing 4 is 
an example of the lineblock diagram of the conventional laser pulse oscillator. The optical fiber 
in which 1 added the rare earth element in the figure (it is described as rare earth doped optical 
fiber below), The excitation light source for 2 to excite rare earth doped optical fiber, the optical 
coupling machine with which 3 combines excitation light with rare earth doped optical fiber, As 
for an optical modulator and 7, a synthesizer and 9 are electrical amplification machines an 
optical filter and 8 the light branching machine for which 4 takes out an output, the optical 
isolator for which 5 restricts the direction of movement of light in the one direction, and 6. 
[0003]In this laser pulse oscillator, the lightwave pulse with high repeat frequency is generated 
as follows. If the rare earth doped optical fiber 1 is excited by the excitation light source 2 
through the optical coupling machine 3, the oscillation of continuation light will take place to the 
forward direction of the optical isolator 5 in the transmission band of the optical filter 7. Next, it 



lets the electrical amplification machine 9 pass, and the electrical signal outputted from the 
synthesizer 8 is impressed to the optical intensity modulator 6. Generally, if the refractive index 
of L and an optical fiber is set to n and the velocity of light is set to c, cavity length (the loop 
length of this laser pulse oscillator), When abnormal conditions are added by fundamental 
frequency f 0 =c/(nL) decided by cavity length, the mode locking in fundamental frequency fo is 
realized, and a stable optical pulse train can be generated. 

[0004]If q times of fundamental frequency f 0 decided by cavity length of laser and qf 0 =qc/(nL) 
(q set modulation frequency as integer), the forced mode locking of the harmonics oscillated by 
one q times the frequency of a fundamental wave is realizable. That is, q lightwave pulses are 
made at equal intervals in the resonator of laser, and an optical pulse train with the repetition 
which was in agreement with high order modulation frequency occurs. This optical pulse train is 
outputted through the light branching machine 4. For example, when the cavity length of laser is 
200 m, fundamental frequency f 0 decided by cavity length is 1 MHz, but if modulation frequency 
is set to q= 10000 and set as 10 GHz, an optical pulse train with a 10-GHz repetition will occur. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, in the laser pulse oscillator made to generate an 
optical pulse train with high repeat frequency by harmonics mode locking in this invention as 
explained, Without needing the highly precise synthesizer needed conventionally, the clock 
signal of the sine wave corresponding to repeat frequency is extracted from a part of output of 
laser, and an optical modulator is driven with the frequency. 

Therefore, an optical pulse train with very stable high repeat frequency can be generated over a 
long time. 

It is possible by inserting the optical fiber for optical-pulse compression into a laser cavity to 
generate a lightwave pulse with short pulse width still more stably* 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the InventionjHowever, in this conventional laser pulse oscillator, 
cavity length is changed by the temperature change in a laser cavity, and a fundamental wave 
changes with time as the result. Since the repetition of the high order modulating signal 
impressed on the other hand was set as constant value, it was difficult for both repetition not to 
be in agreement and to generate an optical pulse train stably over a long time, 
[0006]Here, the temperature in a laser cavity considers the case where only deltat changes. If 
temperature changes only deltat, optical fiber length will change only deltaL. In this case, deltaL 
is given by the following formula, 
delta L/L-alphadeltat(l) 

However, L is the cavity length of the laser before a temperature change, and alpha is a 



coefficient of linear expansion of an optical fiber. By a temperature change, change of the cavity 
length of laser will change fundamental frequency fb decided by cavity length. It stops being in 
agreement q times of fundamental frequency f 0 , the waveform of a lightwave pulse is distorted, 
and it becomes impossible in this case, for modulation frequency to realize harmonics mode 
locking. If frequency f (=qfo) is made into the modulation frequency before a temperature change, 
frequency change deltaf will be given by the following formula, 
delta f/f=delta t/L=alphadeltat (2) 

When temperature changes, it is necessary only for deltaf to change modulation frequency to 
attaining harmonics mode locking. Frequency change deltaf becomes so large that the 
modulation frequency f becomes large (i.e., so that the value of q becomes large). That is, the 
thing of the frequency by a temperature change which variation becomes large and acquires for 
an optical pulse train stably over a long period of time absolutely is more difficult for higher 
order harmonics mode locking. 

[0007]For example, in the above-mentioned conventional laser pulse oscillator, when the 
temperature in a resonator changes 0,01 degree, if L= 200 m, f= 10 GHz, and alpha=10 " 5 , it will 
be set to deltaL=20micrometer and deltaf=lkHz from (1) and (2) types. That is, a big frequency 
change arises in few temperature changes, and the waveform of a lightwave pulse deteriorates. In 
order to obtain a stable optical pulse train, only deltaf needs to change modulation frequency and 
it needs to be 10,0001 GHz. In order to realize this, the active negative feedback circuit which 
adjusts the length of a resonator automatically is needed. 

[0008]In harmonics mode locking, since abnormal conditions are applied by q times of 
fundamental frequency f 0 decided by cavity length, if q becomes large, it will become difficult to 
control thoroughly the spectral component of the vertical microfiche decided by fundamental 
frequency f 0 « For example, it is referred to as f 0 =lMHz and f= 10 GHz, and a light spectrum 
when the conventional laser pulse oscillator performs harmonics mode locking is shown in 
drawing 5 . In a figure, although there is an ingredient with the strongest intensity every 10 GHz, 
there is a spectral component of the weak vertical microfiche decided by fundamental frequency 
fo besides it. Since the spectral component of vertical microfiche other than this modulation 
frequency is not controlled, while the gap with modulation frequency and cavity length occurs, 
the oscillation of laser is made unstable and it makes it difficult to generate a lightwave pulse 
stably. 

[0009] As mentioned above, in the Prior art, although the optical pulse train with high repeat 
frequency was generated when harmonics mode locking was performed, it was difficult for a 
pulse shape to deteriorate by the temperature change in a resonator for a short time, and to 
generate stably an optical pulse train with high repeat frequency over a long time, in order to 
perform light modulation - high - the stable synthesizer was needed. 

[0010]This invention was made in view of such a situation, and does not need the synthesizer or 
the active negative feedback circuit of high frequency in harmonics mode locking, but an object 
of this invention is to provide the laser pulse oscillator made to generate very stably an optical 
pulse train with high repeat frequency over a long time. 



MEANS 



[Means for Solving the Problem]In order that the laser pulse oscillator according to claim 1 may 
solve an aforementioned problem, In a laser pulse oscillator which is constituted by loop having 
contained an optical modulator and outputs a laser pulse of repeat frequency of an integral 
multiple of fundamental frequency corresponding to loop length of this loop, It has a photo 
detector which changes into an electrical signal a laser pulse obtained from said loop, and a 
narrow band filter which extracts a clock signal of frequency of an integral multiple of said 
fundamental frequency from this electrical signal, and said optical modulator is supplied by 
making this clock signal into a modulating signal. 

[0012]The laser pulse oscillator according to claim 2 contains an optical fiber for optical-pulse 
compression in a loop in the laser pulse oscillator according to claim 1 . 



OPERATION 



[Function] According to the laser pulse oscillator according to claim 1, a photo detector changes 
into an electrical signal the laser pulse to which repeat frequency is changed arbitrarily, A narrow 
band filter extracts the clock signal of the frequency of the integral multiple of said fundamental 
frequency from this electrical signal And the optical modulator within a loop carries out 
intensity modulation of the laser pulse by making this clock signal into a modulating signal 
Even if cavity length changes with temperature changes and the repeat frequency of a laser pulse 
changes with these, an optical modulator can be driven the optimal on the frequency which 
followed in footsteps of a repetition [ a laser pulse ]. Therefore, there is no degradation of a laser 
pulse waveform by a temperature change, and the oscillation of a laser pulse continues stably 
over a long time. 

[001 4] According to the laser pulse oscillator according to claim 2, pulse width of the laser pulse 
generated using the effect of an optical soliton can be shortened. 



EXAMPLE 



[ExampleJHereafter, with reference to drawing 1 thru/or drawing 3 , one example of the laser 
pulse oscillator by this invention is described in detail. However, identical codes were given to 
the composition and identical parts which were shown in drawing 4 , Drawing 1 is a figure 
showing the composition of the laser pulse oscillator of this example. In a figure, a laser pulse 
oscillator, The rare earth doped optical fiber 1 and the rare earth doped optical fiber 1 . The 
excitation light source 2 for exciting, and excitation light. It comprises the optical coupling 
machine 3 combined with the rare earth doped optical fiber 1, the light branching machine 4 
which takes out an output, the optical isolator 5 which restricts the direction of movement of 
light in the one direction, the optical modulator 6, the optical filter 7, the light branching machine 



10, the clock extraction machine 1 1, the phase converter 12, and the electrical amplification 
machine 9. 

[0016]The clock extraction machine 1 1 comprises a photo detector which changes the inputted 
laser pulse into an electrical signal, a narrow band filter in which main passing frequency was set 
as 10 GHz, and an electrical amplification machine which amplifies the output of this narrow 
band filter. Here, the loop length of the laser pulse oscillator of this example is set up so that 
fundamental frequency f 0 may be set to 1 MHz. The main passing frequency of the narrow band 
filter is set as 10 GHz so that the clock extraction machine 1 1 may output the laser pulse it is 10 
GHz, whose 10000 times, i.e., repeat frequency, of fundamental frequency fo. 
[0017]The phase converter 12 adjusts the phase of the output signal of the clock extraction 
machine 1 1 . The electrical amplification machine 9 amplifies the output signal of the phase 
converter 12, and supplies it to the optical modulator 6. The optical modulator 6 is an intensity 
modulation machine. 

For example, the Mach-Zehnder type intensity modulation machine made from lithium niobate, 
etc. can be used. 

That is, as the dotted line of drawing 1 shows, a closed loop consists of laser pulse oscillators of 
this example from the clock extraction machine 1 1 to the optical modulator 6. If an erbium- 
doped optical fiber is used as the rare earth doped optical fiber 1, the oscillation wavelength of 
laser will serve as a 1 .5-micrometer belt. A semiconductor laser can be used as the excitation 
light source 2. 

[001 8]Next, generating of an optical pulse train with high repeat frequency in the laser pulse 
oscillator of the above-mentioned composition is explained. If the rare earth doped optical fiber 1 
is excited by the excitation light source 2 through an optical coupling machine, the oscillation of 
a continuous laser beam will take place to the forward direction of the optical isolator 5 in the 
transmission band of the optical filter 7. This laser beam is taken out through the light branching 
machine 4, it divides with the light branching machine 10 further, and that part is inputted into 
the clock extraction machine 1 1 . The clock extraction machine 1 1 extracts the clock signal by the 
vertical microfiche near 10 GHz, After phase adjustment of this clock signal is carried out in the 
phase converter 12 and it is amplified with the electrical amplification machine 9, it is supplied 
to the optical modulator 6 as a modulating signal. With this clock signal, the optical modulator 6 
carries out intensity modulation of the laser beam, and outputs a laser pulse. 
[0019]Here, since the clock signal by the vertical microfiche near [ conflicting q times of 
fundamental frequency f 0 decided by loop length of a resonator ] 10 GHz cannot generate a 
stable optical pulse train, it is extinguished in a clock extraction process. However, since the 
repetition of modulation frequency and a lightwave pulse of the clock signals [ congruous q 
times of fundamental frequency f 0 ] corresponds thoroughly, the oscillation of a stable lightwave 
pulse is strengthened gradually. If this is repeated, only the clock signal near [ congruous q times 
of fundamental frequency f 0 which was noise-like at first / one certain ] 10 GHz will remain. 
That is, it comes to drive the optical modulator 6 only with one clock signal which controlled 
excessive vertical microfiche, and 10-GHz harmonics mode locking is attained, 
[0020] At this time, as shown in drawing 2 , pulse width of the lightwave pulse generated using 
the effect of an optical soliton can be shortened by inserting the optical fiber 13 for optical-pulse 
compression between the rare earth doped optical fiber 1 and the light branching machine 4, for 



example. Here, an optical soliton is explained. An optical soliton is a stable lightwave pulse 
generated by the breadth of the pulse width by negative distribution of an optical fiber and 
compression of the pulse width by the self-phase modulation effect hanging, and suiting, and it 
has [ the inside of an optical fiber ] the feature, alias a frog, and of spreading there being nothing 
for the waveform. Peak intensity P N =i required to make the standard soliton of N= 1 is given by 
the following formula, 
P N =i=0.776pilambda 3 w 2 |D|/pi 2 cn 2 tau 2 (3) 

As for the velocity of light and n2, pulse width and w of a nonlinear refractive index and tau are 
[ group velocity dispersion / in / in D / the wavelength lambda of an optical fiber /, and c ] the 
sizes of the spot size of an optical fiber here. 

[0021]That is, by making negative group velocity dispersion D of the optical fiber 13 for optical- 
pulse compression, an optical soliton is generated and the lightwave pulse in which pulse width 
does not spread can be obtained. For example, if it is group-velocity-dispersion D— 3 ps/km/nm, 
pulse width tau=3ps, a size of w= 3 micrometers of spot size, and the wavelength of lambda= 
1.55 micrometers, peak intensity required to make a standard optical soliton will be set to about 
290 mW from (3) types. If a repetition of a lightwave pulse shall be 10 GHz, the mean intensity 
in a resonator will be set to about 8.7 mW. Intensity of this level can be easily generated within 
the laser pulse oscillator by this example. That is, when the variance in the wavelength of 1 .55 
micrometers uses the dispersion shifted fiber which is -3 ps/km/nm as the optical fiber 13 for 
optical-pulse compression, pulse width can generate stably the optical pulse train which is 3ps in 
a 10-GHz repetition. What is necessary is just to change the frequency of the clock signal 
extracted with the clock extraction machine 1 1 , in order to change the repeat frequency of this 
intensity-of-light pulse. 

[0022]In the laser pulse oscillator of this example, even if cavity length changes with 
temperature changes and a repetition of a lightwave pulse changes, in order to become irregular 
with the clock signal in sync with a repetition of a lightwave pulse, a gap does not arise between 
repetitions of modulation frequency and a lightwave pulse. Therefore, unlike a Prior art, it has 
the feature with which the waveform of a lightwave pulse does not deteriorate by a temperature 
change. However, the repetition of a lightwave pulse is changing slightly according to change of 
cavity length. That is, it is not dependent on the temperature change in a resonator, harmonics 
mode locking is always maintained, and the laser pulse oscillator of this example can generate an 
optical pulse train with stable high repeat frequency over a long time. Since the active negative 
feedback circuit for stabilization of the highly precise synthesizer and resonator which were 
furthermore needed conventionally becomes unnecessary, an economical advantage is also large. 
[0023]Since the oscillation repeat frequency of laser and the modulation frequency impressed to 
a modulator are thoroughly [ always ] in agreement when performing harmonics mode locking, 
excessive vertical microfiche other than modulation frequency can be controlled thoroughly. For 
example, the electric spectrum at the time of performing harmonics mode locking is shown in 
drawing 3 as fo=lMHz and f== 10 GHz. Only 10-GHz modulation frequency components exist in 
a figure. Thus, since excessive vertical microfiche other than modulation frequency can control 
thoroughly, the stable harmonics mode locking can be realized and a very stable optical pulse 
train with high repeat frequency can be generated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing li lt is a figure showing the 1st example of composition of the laser pulse oscillator of 
this invention. 

[Drawing 2] It is a figure showing the 2nd example of composition of the laser pulse oscillator of 
this invention. 

[Drawing 31 It is a figure showing the situation of the electric spectrum in the laser pulse 
oscillator of this invention. 

[Drawing 4] It is a figure showing the composition of the conventional laser pulse oscillator. 
[Drawing Sl it is a figure showing the appearance of the light spectrum in the conventional laser 
pulse oscillator. 
[Description of Notations] 

1 Rare earth doped optical fiber 

2 The excitation light source for exciting rare earth doped optical fiber 

3 The optical coupling machine which combines excitation light with rare earth doped optical 
fiber 

4 The light branching machine which takes out an output 

5 The optical isolator which restricts the direction of movement of light in the one direction 

6 Optical modulator 

7 Optical filter 

8 Synthesizer 

9 Electrical amplification machine 

10 Light branching machine 

1 1 Clock extraction machine 

1 2 Phase converter 

13 The optical fiber for optical-pulse compression 
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